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This study investigated biofeedback using heart rate variability (HRV) and psychometric measures. An original, mixed, quantitative and qualitative, within subjects, pre-test and post-test design was employed to evaluate the influence of a HeartMath training programme on measures of HRV, sense of coherence, mindfulness and relaxation in a convenience sample of 13 participants with age range 26-62 (M = 41.46, SD = 14.39) years. Participants were required to attend a three-hour workshop and complete 30 minutes of HeartMath training that included 5 different biofeedback sessions. Paired sample t-tests indicated significant differences on all outcome variables with medium to large effect sizes. Qualitative findings revealed positive and informative experiences of taking part in the research. Integrated findings supported and extended previous studies attesting to the value of HeartMath training. 





Public health promotion programmes recognise stress as one of the prominent worldwide causes of premature death and has been identified as the health epidemic of the 21st century (Dillon, Kelly, Robertson & Robertson, 2016). It is predicted that up to 60-80% of visits to the doctor are stress related including physical health complaints such as high blood pressure, cardiovascular disease, back pain, digestive problems, poor sleep and metabolic syndrome. In addition to pharmacology, stress reduction is reportedly achievable with various health promoting methods, including specific lifestyle and mind-body techniques, such as optimum physical activity of 150 minutes a week, breathing, meditation and psychophysiological biofeedback, through improved conscious control of physiological processes, for example through instruments measuring HRV as in the present study (Childre, Martin, Rozman & McCraty, 2016).

One recent approach to stress management is positive psychology, originally pioneered by Seligman and Csikszentmihalyi (2000). A positive psychology approach underlies the HeartMath system of self-regulation techniques used in stress management (Edwards, 2015; McCraty & Shaffer, 2015). This views stress as a half empty bottle of negative energy that needs filling with positive energy including excited, happy, peaceful and contented feelings, which initiate the release of beneficial hormones in the body such as the growth hormone dehydroepiandrosterone or DHEA. In terms of the positive psychology approach taken in the present study, stress was viewed as a pervasive phenomenon that appears physiologically in the form of lowered HRV, associated with decreased autonomic nervous system balance, decreased parasympathetic activity, decreased physiological coherence levels accompanied by increased sympathetic nervous system activity and increased levels of cortisol that can be measured in the body for up to eighteen hours after any perceived threat, as contrasted to the positive DHEA. From a psychological perspective, the effects of stress are apparent in negative emotions and their accompanying feelings of anxiety, depression, anger and confusion, and decreased sense of coherence, relaxation and mindfulness (Childre et al., 2016; Institute of HeartMath, 2014).

HeartMath techniques use the heart as point of entry to facilitate neural identification of changes in the pattern of afferent cardiac signals sent to the brain. Related research has revealed associated dynamic, systemic activity at various levels; neurochemical, bio-electromagnetic, hormonal, biophysical and cognitive (McCraty, Atkinson, Tomasino & Bradley, 2009). Skill acquisition of HeartMath techniques is facilitated through the use of HRV and heart rhythm coherence feedback training, heart focussed breathing and intentional generation of associated positive emotional feelings, emotional imagery and remembered wellness (McCraty & Zayas, 2014). A practical, energetic approach underlies the techniques (Edwards, 2015). Emphasis is on awareness of energy depletion, renewal and resilience in preparing for challenges, as well as shifting and resetting feelings after challenges, through sustained, regular HeartMath practice. 

Coherence is a key orientation concept, in its various connotations, logical argumentation, systemically related parts, biophysical and electromagnetic phase relationships, including psychophysiological coherence, which occurs during positive emotional states when heart, breath, blood pressure and other physiological rhythms become synchronized. It is characterized by a heart rhythm pattern of elevated amplitude in low frequency heart rate variability of around 0.1 Hz, indicating harmony between sympathetic and parasympathetic divisions of the autonomic nervous system. It is experienced as a state of relaxed alertness, which sportspersons describe as “being in the zone” (McCraty et al., 2009). Although previous research has established that positive emotions are independently associated with psychophysiological coherence, heart focussed breathing at about 5-7 breath cycles per minute and/or 10 second cardio-respiratory rhythm remains a practical, first step in most tools. This conscious slowing of breath facilitates respiratory sinus arrhythmia (RSA), a dynamic, naturally occurring, physiological mechanism, whereby heart rate increases during inhalation and decreases during exhalation, which in turn facilitates identification and cultivation of a particular positive emotion (McCraty & Zayas, 2014).  







This study had both a quantitative and a qualitative component. The quantitative aspect had a within subject design. Recent guidelines have recommended that when designing Heart Rate Variability Biofeedback (HRV-BF) interventions, within participant designs, have the benefit and opportunity of measuring individuals pre-and post-intervention which reduce ‘the high inter-individual variations and the complex interactions influencing HRV’ (Quintana & Heathers, 2014). The independent variable was time, which had two levels: pre-and post-intervention. This study considered five dependent variables: stress, coherence, mindfulness, relaxation and HRV. Following the intervention, participants were invited to take part in a short interview to determine their experiences of using the HeartMath technology which was analysed using thematic analysis. 

2.2 Participants  









Four questionnaires were used in the quantitative component of the research to measure mood, coherence, mindfulness and relaxation. Mood was assessed using a shortened version of the Profile of Mood States questionnaire (POMS) called the Brief Assessment of Mood States (BAMS) to measure changes in affective states (McNair, Lorr & Doppleman, 1971). The scale has six items and is used to assess five different mood states including anxiety, frustration, depression, fatigue and vigour. The scale has been shown to be valid and reliable alternative to the longer POMS (Bourgeois, LeUnes & Meyers, 2010). Participants were asked to rate their mood on a scale of 0-4 from not at all to extremely, for example, how angry do you feel? How fatigued do you feel? Total score is calculated by adding the scores and amending one score with a reverse item for feelings of vigour. A higher score indicates a higher level of negative emotions and stress. 

The Sense of Coherence measure consisted of a shortened nine item version of Antonovsky’s (1987) scale, with a Cronbach alpha reliability coefficient of .79. Antonovsky’s (1987) original scale has three subscales, which measure the degree to which persons perceive their world as manageable, meaningful and predictable. The shortened version used in the present study has been shown to demonstrate high internal reliability and concurrent validity when assessed against Antonovsky’s original 29 item measure (Klepp, Mastekaasa, Sorensen, Sandanger & Kleiner, 2007). Participants’ reported their feelings in relation to items such as, “Do you have the feeling that you don’t really care about what goes on around you?” on a nine item, seven point Likert scale anchored by the terms, “very often” and “very seldom”. Total score is calculated by adding the scores and reversing the score for two negatively worded items. A higher score indicates a higher level of coherence.

Relaxation was assessed by the Relaxation Inventory (RI) which has been found to be valid and reliable (Crist, Rickard, Prentice-Dunn & Barker, 1989). This scale lists twenty-one items which are used to assess the effects of relaxation training. Participants were asked to rate their feelings on a Likert scale from 1 to 9 and rate the items ‘I don’t feel I feel this I strongly’ to ‘I feel this way at all way somewhat feel this way’, for example, ‘I feel very calm’. Total score is calculated by adding the scores from all items. A higher score indicates a higher level of relaxation. 









Table 1: Interview schedule 

Questions












3.1 Quantitative findings 

Quantitative findings as summarized in Table 2 and their respective interpretation follows. Table 1 Pre-test and Post-test Mean, Standard Deviations (SD, Probability and Effect size for each measure POMS (Mood), SOC (sense of coherence), FM (mindfulness), RI (relaxation) and HRV coherence. HRV coherence levels were calculated using percentage change in HRV coherence level pre and post training intervention. The data was obtained from the emWave ProPlus HeartMath assessment technology which has been shown to be a valid and reliable measurement tool to identify changes in HRV pre-post intervention (Institute of HeartMath, 2014). Single and double asterisks respectively indicate significance at 5 % and 1% levels.

Table 2. Means, Standard Deviations, Probability and Effect sizes of psychological and psychological measures

Measure 	Pre-test 	SD 	Post-test 	SD 	Probability	Effect size 
POMS SOC RI FM HRV coherence	7.08 34.23 187.15 36.92 40.18 	(4.80) (6.18) (47.08) (11.34) (4.65) 	3.08 43.92 237.38 40.46 49.33 	(2.06) (8.76) (20.34) (9.47) (13.03) 	.002** .001**.000** .040** .02* 	0.83 1.57 1.07 0.31 1.97 
						
The findings of this current study reveal significant changes from pre-test to post-test in each dependent variable following HRV-BF intervention. The mean estimate of the POMS (mood variable) prior to intervention was 7.08 (SD = 4.80) and post-intervention, 3.08 (SD = 2.06), was statistically significant, t (12) = 3.80, p < 0.05, indicating that participants reported feeling less stressed following the intervention. Cohens (1988) effect size of 0.83 was large. The mean estimate of the RI (relaxation variable) prior to intervention was 187.15 (SD = 47.08) and post-intervention was 237.38 (SD = 20.34). This was statistically significant, t (12) = 4.85, p < 0.01, with a very large effect size of 1.07 indicating that participants reported improved levels of relaxation following the intervention. The mean estimate of the FM (mindfulness variable) prior to intervention was 36.92 (SD = 11.34) and post-intervention was 40.46 (SD = 9.47). This difference was statistically significant, t (12) = 2.30, p < 0.05, indicating that participants reported improved levels of relaxation following the intervention. The effect size was 0.31, which according to Cohen (1988) is small to medium. The mean estimate of the SOC (sense of coherence variable) prior to intervention was 34.23 (SD = 6.18) and post-intervention was 43.92 (SD = 8.76). This difference was statistically significant, t (12) = 4.40, p < 0.05, with a very large effect size of 1.57 indicating that participants reported improved sense of coherence following the intervention. This finding was supported by a significant difference in physiological levels of HRV pre-post intervention, t (12) = 2.47, p <0.05. The results all showed greater coherence and higher HRV levels post-intervention which are indicators of functioning of the nervous system. The effect size was 1.97, which according to Cohen (1988) was very large.

3.2 Qualitative Findings 

Qualitative analysis of results revealed 3 main themes: Appreciating the positive visual aspects of HeartMath, learning to retrain one’s breathing, and improving self-regulation and psychophysiological coherence.  Detailed findings follow. 

3.2.1 Theme 1: Appreciating the positive visual aspects of HeartMath 

Participants reported positive experiences of using the HeartMath technology including the simplicity of the system and the use of visual images. Sarah reported ‘I really enjoyed doing the visualisation ones like the garden and the rainbow one’. Participants reported to appreciate the scenes of nature which induced feelings of calmness and relaxation. Richard stated ‘I found that I think because a lot of the exercises had nature involved in them water, stream, rainbows... like nice positive things that it made me feel really calm’. 

3.2.2 Theme 2. Learning to retrain one’s breathing 

This theme was consistent throughout the data as the majority of participants reported to be unaware of the impact of breath and levels of stress prior to HRV-BF training. The data suggested that participants were learning breathing techniques for the first time and the training intervention appeared to improve this skill. In particular, most participants reported that the HeartMath technology enabled them to be more aware of their breath and that noticing breathing style was important. Ross stated ‘Breathing is a key sign and noticing your breathing, and how to breathe and then notice how to bring your breathing back in a calm soothing manner’. 

3.2.3 Theme 3: Improving self-regulation and psychophysiological coherence through HeartMath 





Integrated findings from both the qualitative and quantitative components of the research provided strong evidence to support the effectiveness of using HeartMath technology to improve HRV, coherence, mindfulness and relaxation. Results supported the research hypothesis with regard to significant differences in all five dependent variables following HRV-BF training, large effect sizes were found in the current study for physiological HRV, sense of coherence, relaxation and mood, which support the recent meta-analysis by Goessl, Curtiss and Hofmann (2017). The findings of the present research confirm previous quantitative studies that have found HRV-BF interventions beneficial for improving coherence, heart rate variability and reducing stress in healthy populations (Edwards, 2014; McCraty et al., 2015). 

The present study extended findings of other studies indicating associations between HeartMath practice and improved positive emotional states, perception of mindfulness and relaxation (Edwards, 2014; McCraty et al., 2015; Reiner, Atkinson & McCraty, 2008). This contemporary study provides evidence that by using measures of HRV it is possible to quantify the dynamic measure of stress and how this variable is reactive to current emotional states and changes in breath (Lemaire, Wallace, Lewin, de Grood & Schaefer, 2011). Collectively, the results from this current study together with the literature, provide evidence that biofeedback interventions offer a promising contemporary approach to promoting self-regulation as a form of stress management, with improved measures of both physiological and psychological health (McCraty et al., 2015; Edwards, 2014). 

The results from the present study contradicted other HRV-BF research studies that have not found significant differences in HRV following intervention (Whited, Larkin & Whited, 2014). Inconsistent findings may reflect differences in methodology regarding the intensity and frequency of self-regulation techniques taught in the intervention.  Difference in findings may also reflect various non-specified variables, e.g.  trainer trainee relationship and amount of trainee self-directedness. For example, the current study and findings from the literature that have used a thorough training programme with face-to face contact with the trainer had generally revealed significant psychological and physiological differences (McCraty et al., 2015; Edwards, 2014). It is hypothesised that self-management with a short training time might not be as effective as more guided training programmes due to lower levels of self-efficacy (van der Zwan, de Vente, Huizink, Bögels & de Bruin, 2015).

The present findings support previous qualitative literature in both meditation and biofeedback studies that have found increased awareness, insight and adaptive behavioural change following intervention (Benson, 1996, 2000; Kabat-Zinn, 2003). Collectively, the present study and current literature highlight that biofeedback interventions using HeartMath technology reveal transferability of themes including positive experiences of taking part, improved awareness, self-regulation and a better understanding of the mind-body connection (Edwards, 2014; McCraty et al., 2001). However, due to limited qualitative studies and small sample sizes, any generalisability should be treated with caution. 

A limitation of this study was the unequal gender distribution. There were only two men in the study compared to 11 women and therefore results may not be generalizable to men. Gender differences have been found in previous research and it also well known that men do not seek support as freely as women (Tamres, Janicki & Helgeson, 2002). Limitations of this study also include lack of control group and subsequently, the significant differences reported in the psychological variables may also reflect social desirability and the experimenter effect. Recommendations for future research would include randomised control trials, the gold standard for robust interventions to compare the effectiveness of different self-management techniques on reducing stress and improving psychological and physiological variables that compares both within and between analyses (Edwards, 2014). A strength of the current research was that no participants dropped out at any point in the research and participants completed all parts of the experiment and questionnaires leading to a full data set. This may be due to its non-invasive, non-threating and person centered nature (van der Zwan et al., 2015). 












Antonovsky, A. (1987). Unravelling the mystery of health. San Francisco, CA: Jossey Bass.

Benson, H. (1996). Timeless healing. London, England: Scribner.

Benson, H. (2000).  The relaxation response. New York, NY: HarperCollins. 

Bourgeois, A., LeUnes, A., & Meyers, M. (2010). Full-scale and short-form of the Profile of Mood States: A factor analytic comparison. Journal of Sport Behavior, 33(4), 355-376. 

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in Psychology, 3(2), 77-101.

Childre, D. L., Martin, H., Rozman, D., & McCraty, R. (2016). Heart intelligence. Connecting with the intuitive guidance of the heart. HeartMath, CA: Waterfront Press. 

Clark-Carter, D. (2010). Quantitative psychological research: The complete student's companion (3rd Ed.). Leicester, England: The British Psychological Society.

Crist, D. A., Rickard, H. C., Prentice-Dunn, S., & Barker, H. R. (1989). The relaxation inventory: Self-report scales of relaxation training effects. Journal of Personality Assessment, 53(4), 716-726. 

Dillon, A., Kelly, M., Robertson, I. H., & Robertson, D. A. (2016). Smartphone applications utilizing biofeedback can aid stress reduction. Frontiers in Psychology, 7. https://doi.org/10.3389/fpsyg.2016.00832 (​https:​/​​/​doi.org​/​10.3389​/​fpsyg.2016.00832​) 
 
Edwards, S. D. (2014). Effects of biofeedback training on physiological coherence, health and spirituality perceptions: Sport and exercise psychology. African Journal for Physical Health Education, Recreation and Dance, 20(2.1), 500-510.

Edwards, S. D. (2015). HeartMath: A positive psychology paradigm for promoting psychophysiological and global coherence. Journal of Psychology in Africa, 25(4), 367-374. 

Goessl, V. C., Curtiss, J. E., & Hofmann, S. G. (2017). The effect of heart rate variability biofeedback training on stress and anxiety: A meta-analysis. Psychological Medicine, 47(15),  (​https:​/​​/​www.cambridge.org​/​core​/​journals​/​psychological-medicine​/​issue​/​A24A13C9B8F634F207AA802247EA4339" \o "Issue 15 ​)2578-2586. 

Institute of HeartMath (2014). Building personal resilience. A handbook for HeartMath certified coachers and mentors. Boulder Creek, CA: Institute of HeartMath. 

Kabat-Zinn, J. (2003). Mindfulness‐based interventions in context: Past, present, and future. Clinical psychology: Science and Practice, 10(2), 144-156. 

Klepp, O. M., Mastekaasa, A., Sorensen, T., Sandanger, I., & Kleiner, R. (2007). Structure analysis of Antonovsky’s sense of coherence from an epidemiological mental health survey with a brief nine–item sense of coherence scale. International Journal of Methods in Psychiatric Research, 61(1), 11-22. 
Laborde, S., Mosley, E., & Thayer, J. F. (2017). Heart rate variability and cardiac vagal tone in psychophysiological research–recommendations for experiment planning, data analysis, and data reporting. Frontiers in Psychology, 8. https://doi.org/10.3389/fpsyg.2017.00213 (​https:​/​​/​doi.org​/​10.3389​/​fpsyg.2017.00213​)

Lemaire, J. B., Wallace, J. E., Lewin, A. M., de Grood, J., & Schaefer, J. P. (2011). The effect of a biofeedback-based stress management tool on physician stress: A randomized controlled clinical trial. Open Med, 5(4), 154-163. 

McCraty, R., Atkinson, M., Tomasino, D., & Bradley, R. J. (2009). The coherent heart. Heart-brain interaction, psychophysiological coherence and the emergence of a system wide order. Integral Review, 2, 10-115. 

McCraty, R., & Shaffer, F. (2015). Heart rate variability: New perspectives on physiological mechanisms, assessment of self-regulatory capacity, and health risk. Global Advances in Health and Medicine, 4(1), 46-61.

McCraty, R., & Zayas, M. A. (2014). Cardiac coherence, self-regulation, autonomic stability and psychosocial well-being. Frontiers in Psychology, 5. https://doi.org/10.3389/fpsyg.2014.01090 (​https:​/​​/​doi.org​/​10.3389​/​fpsyg.2014.01090​)

McNair, D. M., Lorr, M., & Doppleman, L. F. (1971). Manual for the Profile of Mood States. San Diego, CA: Educational and Industrial Testing Service.  

Quintana, D. S., & Heathers, J. A. (2014). Considerations in the assessment of heart rate variability in biobehavioral research. Frontiers in Psychology, 5. https://doi.org/10.3389/fpsyg.2014.00805 (​https:​/​​/​doi.org​/​10.3389​/​fpsyg.2014.00805​)

Ratanasiripong, P., Park, J. F., Ratanasiripong, N., & Kathalae, D. (2015). Stress and anxiety management in nursing students: Biofeedback and mindfulness meditation. Journal of Nursing Education, 54(9), 520-524.

Reiner, G., Atkinson, M., & McCraty, R. (2008). The physiological and psychological effects of compassion and anger. Journal of Advancement in Medicine, 8(2), 87-105.

Seligman, M. E. P., & Csikszentmihalyi, M. (2000). Positive psychology: An introduction. The American Psychologist, 55(1), 5-14. 

Tamres, L. K., Janicki, D., & Helgeson, V. S. (2002). Sex differences in coping behavior: A meta-analytic review and an examination of relative coping. Personality and social psychology review, 6(1), 2-30.

van der Zwan, J. E., de Vente, W., Huizink, A. C., Bögels, S. M., & de Bruin, E. I. (2015). Physical activity, mindfulness meditation, or heart rate variability biofeedback for stress reduction: a randomized controlled trial. Applied Psychophysiology and Biofeedback, 40(4), 257-268.

Walach, H., Buchheld, N., Buttenmüller, V., Kleinknecht, N., & Schmidt, S. (2006). Measuring mindfulness - the Freiburg mindfulness inventory (FMI). Personality and Individual Differences, 40(8), 1543-1555.
Whited, A., Larkin, K. T., & Whited, M. (2014). Effectiveness of emWave biofeedback in improving heart rate variability reactivity to and recovery from stress. Applied Psychophysiology and Biofeedback, 39(2), 75-88.


